SUMMARY: Tubercle bacilli were preincubated with the membrane fraction separated from casein-induced peritoneal exudate cells of guinea pigs, and subsequently exposed to exogenous phospholipase A2. Marked reduction in viable counts occurred in the incubation mixture at pH 5.6. The additional presence of cholesterol esterase, which alone was inactive, enhanced greatly the phospholipase A2-induced mycobactericidal activity of the fraction. Lipid analysis revealed degra -dation of phospholipids.
INTRODUCTION
The biochemical basis for the antibacterial and cytotoxic activity of phagocytes has long been a subject of active investigation and of endless discussion. Of many theories, the most well-studied are those that are related with the respiratory burst, assuming such by-products as superoxide and hydrogen peroxide as bactericidal agents (Elsbach, 1977; De Chatelet, 1978; Nathan et al., 1979a, b; Rosen and Klebanofl, 1979) .
On the other hand, the present authors have been interested in sporadic papers suggesting that long-chain fatty acids may be involved in the protective mechanism of the host. Those pieces of literature have recently been reviewed by us (Kanai and Kondo, 1979 ). An obstacle to this idea is, however, the fact that the antibacterial activity of free long-chain fatty acids may be neutralized in vivo by proteins which are so abundant in tissue fluid.
In connection with mycobacterial infection, we postulated a particular microenvironment at cellular level which enables free fatty acids act directly on infecting bacteria; for example, the sites of close contact between the phagocyte membrane and the surface of the ingested bacteria (Leake, Ockers and Myrvik, 1977) . In such sites, endogenous phospholipases in the membrane may be activated to act on pho.spholipids in the vicinity (Hax et al., 1974) and the longchain fatty acids released may have a chance to interact with the bacilli before they are bound to tissue fluid proteins.
Our preceding paper (Kondo and Kanai, 1978) was concerned with our first approach to examine this possibility in vitro. Mycobacteria preincubated with lecithin-cholesterol liposomes were killed by subsequent exposure to phospholipase A2 and their growth was inhibited in the enzyme-containing Kirchner semisolid agar medium. As an extension of this study, we proceeded to an attempt to use the membrane fraction of phagocytic cells in a similar experimental system.
MATERIALS AND METHODS

Micro-organisms:
A On the basis of the experiences in the preceding study with lecithin-cholesterol liposomes (Kondo and Kanai, 1978) , some preliminary experiments were repeated with the membrane fractions separated from peritoneal exudate cells of normal and BCG-vaccinated guinea pigs. The amount of membrane employed in each experiment was within a range from 80 to 130 pg as phospholipids per incubation tube. Phospholipase A2 and cholesterol esterase were used each in an amount of 100 pg. H37RvR-KM tubercle bacilli (0 .2 mg) were exposed to this enzyme-membrane system for 1.5 hr. The bactericidal event was constantly reproduced with the same tendency as that observed previously with the artificial membrane (liposomes) . The most representative experiments are shown in Table I . The membrane fraction killed tubercle bacilli in the presence of added phospholipase A2 and more markedly in combination with cholesterol esterase. Viable counts decreased down to 1/1,000 to 1/10,000 of the starting material. Cholesterol esterase alone however, did not show any significant activity in this respect. When the membrane fraction was replaced with the supernatant, no bactericidal event occurred. In addition to that, the supernatant neutralized the enzyme-induced activity of the membrane fraction.
Effect of Heating the Membrane Fraction
The mycobactericidal activity was compared between the heated (100 C for 10 min) and unheated membrane fractions (Fig. 1) . One of the membrane frac tions was prepared from the peritoneal exudate cells in which polymorphonuclear leukocytes occupied 96% of the total population, and the other was prepared from a mononuclears-predominant (80%) cell population. The enzyme-induced activity was demonstrated in both the membrane fractions, being more remarkable in the presence of both phospholipase A2 and cholesterol esterase. The heating of the fraction lowered the induced activity, 
Effect o f Dose of the Membrane Fraction on its Enzyme-induced Mycobactericidal Activity
The preceding finding suggested that the role of the membrane fraction in the present experimental system was mainly the heat-stable substrate for the enzymes to liberate mycobactericidal agent(s). In this regard, two different amounts of the membrane fraction were compared each other for their mycobactericidal activity in the presence of the constant (100 pg) enzyme dose. The amount of exposed tubercle bacilli was 0.1 mg or 1.0 mg per incubation tube. The results are shown in Fig. 2 . It is quite clear in this figure that the larger the amount of the membrane fraction the killing higher the rate and that the larger the size of the inoculum the larger the absolute number of killed bacilli. With the smaller amount of the membrane fraction, however, the smaller the size of the inoculum the higher the killing rate. These results suggest that the released bactericidal agent(s) may have been removed from the bactericidal system when they were once fixed on mycobacteria to kill them.
Time-course of the Decline in Viable Counts in the Incubation Mixture
The mixtures of tubercle bacilli, the membrane fraction and the enzymes were subjected to enumeration of viable units with time intervals (1, 3, 6 and 24 hr) On a portion of the incubation mixture, lipid analysis was conducted to examine for the degradation of membrane phospholipids by the procedure described before. One example of such examinations is shown in Fig. 4 . The spots of phosphatidylethanolamine, lecithin and others were not detected on TLC plate (plate 1) when the lipids extracted from the enzyme-containing mixture was applied, instead a larger spot of lysophospholipids appeared. Thus, the degradation of membrane phospholipids in our mycobactericidal system was clearly demonstrated.
Paradoxical was, however, the observation of cholesterol esters, whose spot on TLC plate (plate 2) was the largest when the lipids from the cholesterol esterase-containing mixture were applied. The upper part of the spot was particularly dense suggesting that the molecular species esterified with saturated fatty acids rather than those with polyunsaturated ones have accumulated (Kondo and Kanai, 1977a) . Probably, the presence of added cholesterol esterase not only worked for deacylation but also triggered reacylation of cholesterol in concert with phospholipase A2, and the accelerated turnover of fatty acids may have been more rapid with unsaturated fatty acids.
The rational for this explanation is partly afforded by the finding that the spot of free fatty acids was also the largest from such lipid extract. Table II shows the distribution pattern of main fatty acids in phosphatidylethanolamine and lecithin which were extracted and purified from the membrane fraction of polymorphonuclear leukocytes and mononuclear cells. In both phospholipids, unsaturated C18 fatty acids were present in almost 50% of the total. These unsaturated fatty acids in free form are known to be highly toxic to mycobacteria (Kondo and Kanai, 1977b) . The purity in cell population is 88%*, 51%**, 96%*** and 91%****, respectively. 
DISCUSSION
The present study showed that the membrane fraction separated from peritoneal exudate cells can kill tubercle bacilli in an acidic environment or inhibit their growth in culture medium in the presence of exogenous phospholipase A2. Interesting was such constant observations that the additional presence of cholesterol esterase, which alone was inactive, enhanced dramatically the phospholipase A2-induced mycobactericidal activity of the fraction.
This observation suggests strongly that fatty acids released from membrane phospholipids participate in not only the interaction with the bacilli to kill them but also esterifying membrane cholesterol molecules. There are ample evidences to believe that mycobacteria can esterify cholesterol with fatty acids (Schubert, Kaufman and Hoerhold, 1969; Razin and Schafer, 1969; Kondo and Kanai, 1976) , and that cholesterol esters have a strong affinity to hydrophobic mycobacteria (Kondo and Kanai, 1972; Kondo and Kanai, 1977a ) though they are not bactericidal (Kondo and Kanai, 1977b) . These facts suggest that the addition of cholesterol esterase to this experimental system works to release fatty acids in the close vicinity of the bacilli expressing the most efficient killing. The above explanation may be further supported by the finding that such main membrane phospholipids as phosphatidylethanolamine and lecithinn have unsaturated C18 fatty acids in almost 50% of the total constituent acids. These unsaturated fatty acids in free form are known to be highly toxic to mycobacteria (Kondo and Kanai, 1977b) .
When the membrane fraction was replaced with the final supernatant obtained in cell fractionation, no bactericidal event occurred. In addition to that, the enzyme-induced mycobactericidal activity of the membrane fraction was neutralized by addition of the supernatant to the incubation mixture. This observation suggests that if fatty acids liberated from membrane phospholipids actually kill tubercle bacilli in vivo, such a site must not be exposed to cytoplasm. As one of the microenvironments to meet this requirement, we have postulated the site of close contact between the cell membrane and the phagocytized bacteria. Recently, such a situation was actually demonstrated electronmicroscopically in tissue-culture experiments (Leake, Ockers and Myrvik, 1977) .
In addition, we would like to emphasize the notion that the experimental system employed in the present study is only an in vitro model for our working hypothesis and that endogenous phospholipase and cholesterol esterase would be activated to release fatty acids from membrane phospholipids in such cellbacterium contacting sites.
Our finding that the membrane fraction alone killed the bacilli when the mixture was incubated for as long as 24 hr appears encouraging our further study on this assumption. Heating the membrane fraction brought about a slightly but definitely reduced activity during the incubation for 1 .5 hr. It would be most interesting to know whether or not the heated membrane still show such a strong bactericidal activity as above in the prolonged incubation. A study is now under way to prove the activation of endogenous phospholipase in the membrane stimulated by prolonged contact with tubercle bacilli or other agents .
The membrane fraction we used was never a purified material , but a membrane-rich fraction possibly containing other membraneous organelles such as mitochondria, lysosomes and others. Nevertheless, the results in the present study are essentially the same as our previous observations with lecithin-cholesterol liposomes in the same experimental system. This fact suggests that the membrane fraction served mainly as a substrate for exogenous enzymes at least in the short incubation.
In relation with our study, a bactericidal fraction from rabbit polymorphonuclear leukocytes isolated by Elsbach and his associate (Elsbach, 1977 ) is worthy of attention. This fraction is a basic protein with phospholipase A2 activity. The bactericidal mechanism was explained by them that the direct attack by the enzyme on bacterial phospholipids increases the membrane permeability.
Interesting is such an observation that treatment with albumin of E . coli exposed to this leukocyte fraction results in extracellular sequestration of the hydrolysis products and restores the permeability disorder. This fact suggests that the accumulation of lipid hydrolysis products (fatty acids and others) within the bacterial membrane, rather than the loss of phospholipids per se, causes increased permeability.
On the other hand, Hemsworth and Kochan (1978) demonstrated the secre tion of antimycobacterial fatty acids by normal and activated macrophages into tissue culture medium, and suggested, in disagreement with our basic idea , that macrophages exert antimycobacterial effect without phagocytosis.
